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ULTRASTRUCTURE OF THE CAPILLARY LOOPS IN THE DERMAL PAPILLAE 
OF PSORIASIS 
IRWIN M. BRAVERMAN, M.D., AND AGNES YEN, B.S., M.S. 
Department of Dermatology, Yale University School of Medicine, New Haven, Connecticut, U.S. A. 
Electron microscopy was used to define the ultrastructure of the capillary loops in the 
dermal papillae of psoriatic lesions. Pustular psoriasis of von Zum busch and psoriasis 
vulgaris were studied before and after treatment with the Goeckerman regimen. Capillary 
loops were reconstructed from 1-,um plastic-em bedded sections. Ultrathin sections were 
taken at intervals for correlation with the 1-,um sections. There were no ultrastructural 
differences between the capillary loops in psoriasis vulgaris and pustular psoriasis. The 
intrapapillary portion of the loop was predominantly a venous capillary. Four basic 
ultrastructural loop patterns were recognized which can serve as markers in st~dying the 
responses of psoriatic loops in various experimental situations. Following 3 weeks of 
Goeckerman therapy, the morphology of psoriatic capillary loops changed from venous 
capillaries to arterial capillaries which are found in the papillae of normal skin. This 
transformation was observed to begin 48 to 72 hr after the initiation of therapy. 
Two major histologic abnormalities are evident 
in psoriatic lesions when they are examined by 
light microscopy: a hyperplastic epidermis with a 
thickened parakeratotic stratum corneum display-
ing Munroe's microabscesses, and edematous 
papillae containing dilated and tortuous capillary 
loops often accompanied by extravasated red blood 
cells, mononuclear cells, and neutrophils. The 
cause of psoriasis is still unresolved: is it primarily 
an epidermal disease with secondary vascular and 
dermal inflammatory changes or is it primarily a 
dermal disorder with secondary epidermal prolifer-
ation? A considerable number of obser\'ations 
strongly suggest that the role of the vascular 
system in psoriasis is active and significant and 
possibly even primary. 
This report details the ultrastructurs of the 
papillary capillary loops in lesions of psoriasis 
vulgaris and pustular psoriasis of von Zumbusch 
before and after therapy with coal tar and ultravio-
let light. In two previous reports we described the 
ultrastructure of the microcirculation in the hori-
zontal plexus of the papillary dermis and of the 
capillary loops in the dermal papillae of normal 
human skin [1,2]. We demonstrated that one could 
differentiate between the arterial and venous sides 
of the microcirculation on the basis of the ultra-
structural characteristics of the vascular basement 
membrane- homogeneous-appearing in arterial 
vessels and multilaminated in venous vessels. The 
capillary vessels in the transitional zone between 
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the arterial and venous capillary segments are 
characterized by basement membrane material 
that is partly homogeneous and partly mul-
tilaminated in appearance. We also showed that 
the capillary loops of normal skin had the ultra-
structural characteristics of arterial capillaries in 
their intrapapillary course and that the efferent 
limb developed a multilayered basement mem-
brane only after it left the papilla on the way to its 
venous connection in the horizontal papillary der-
mal plexus. 
In this report we show that the capillary loops in 
psoriasis have a large venous capillary component 
which reverts to arterial capillary characteristics 
after successful treatment with the Goeckerman 
regimen. 
MATERlALS A~D METHOD 
Fifteen capillary loops from pustular lesions of 3 
patients with pustular psoriasis and 25 loops from 
plaques of 6 patients with psoriasis ,-ulgaris were recon-
structed from serial 1-pm sections of plastic-embedded 
material. Ultrathin sections were obtained at 4- to -pm 
intervals for correlation of ultrastructure. Four loops from 
I patient with pustular psoriasis and 6 loops from 2 
patients with psoriasis vulgaris were reconstructed from 
healed lesions which had been biopsied and similarly 
examined 3 weeks previously before the beginning of the 
Goeckerman regimen. Well-developed static psoriatic 
plaques and erythematous patches witb superimposed 
pustules were biopsied in this study. 
In 2 patients with psoriasis vulgaris a well-developed 
plaque was serially biopsied along its rim the day before 
therapy was started and 24. 48. 72. and 96 hr later. 
Capillary loops were reconstructed. 
Three-millimeter disks of skin were obtained with a 
skin trephine. An intradermal ring of anesthesia was 
produced with 1% lidocaine without epinephrine 3 to 4 
em around the area to be biopsied. The sample of skin 
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was removed from the center of the ring, fixed in half-
strength Karnovsky 's fixative, and processed for lighr 
and electron microscopy by techniques previously de-
scribed [1 ]. Ultrathin sections obtained at 4- to 8-~.tm 
intervals during the reconstruction were placed on slotted 
grids covered with Formvar (0.4% in ethylene dichloride ) 
and the entire section was photographed. Montages were 
constructed and the capillary loops were followed in their 
intrapapillary courses and for short distances in t heir 
extrapapillary courses. The intrapapillary portion of the 
loop lies above a Line drawn between the deepest points of 
two adjacent rete ridges. 
As in our previous reports, we have used the outside 
diameters of the endothelial tubes of the capillaries in 
descr ibing the ultrastructural features of the psoriatic. 
capillary loops. This measurement is less variable over a 
given distance than the internal luminal diameter 
because endothelial cell thickness varies widely and the 
endothelial nuclei frequently bulge into the lumen. 
RESULTS 
There were no differences in ultrastructural 
features between the capillary loops in lesions of 
pustular psoriasis and psoriasis vulgaris. 
The ascending and descending limbs of the loops 
in the intrapapillary portion of the papilla were 
frequently twisted around each other once and 
sometimes twice. The crest of the loop did not have 
a hairpin turn as in normal loops. Instead, it 
formed a broad, sometimes sinuous, curve either in 
the plane of the ascending and descending limbs or 
in planes at various angles to the limbs. Each 
papilla was supplied by a single loop which varied 
from a simple loop structure to one in which the 
limbs were twisted once or twice along their long 
axis and surmounted by sinuously curving dilated 
crests (Fig. 1). There were no anastomoses between 
the limbs and the crest to account for the "glomer-
ular" structures described for psoriatic loops when 
viewed by in vivo capillary microscopy. 
Table I lists the outside endothelial tube diame-
ters of the capillary loops in their intrapapillary 
ascending crests and descending portions. They 
were much wider than the corresponding segments 
of normal loops. In 11 of 15 loops from lesions of 
pustular psoriasis and 21 of 25 loops from lesions of 
FtG. 1. Reconstruction of 6 adjacent capillary loops in 
pustular psorias is . Some crests are convoluted and sinu-
ous. A = terminal arteriole, V = postcapillary venule of 
horizontal plexus. 
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psoriasis vulgaris, the crest and descending limbs 
were wider than the ascending limb. In the remain-
ing loops the crest and descending limb had the 
same diameters as the ascending lim b. Following 
successful Goeckerman therapy in 3 patients, t here 
was some reduction in t he width of the crest and 
descending limb diameters but they were still 
wider than normal (Tab. I). The thickness of the 
vascular walls was identical to those found in the 
capillary loops of normal skin [2]. 
Patterns of Capillary Loops 
The psoriatic capillary Loop arises as a terminal 
arteriole from the horizontal plexus of the papillary 
dermis. After it enters the intrapapillary portion of 
the dermal papilla, 4 major loop patterns can be 
recognized based upon the ultrastructural features 
of the vascular basement membrane (Fig. 2): (1) 
The intrapapillary loop develops venous character-
istics half way up the ascending limb. (2) The loop 
develops venous characteristics at the point where 
the crest begins. (3) The loop develops venous char-
acteri·stics just after the crest joins the descending 
limb (3a) or approximately one-third to one-half 
the way down the descending limb (3b). (4) The up-
per half of the ascending limb may show ultrastruc-
tural features of the transitional zone found be-
tween fully developed arter ial and venous capillary 
TABLE I. Dimensions of intrapapillary capillary loops 
(outside endothelial tub~ diameters) 
i\$r«.>ndinl{ Crest Descendin~ 
limb l!lm) l!lm l limh l!lml 
Pustular psoriasis 6- 10" 8.8-16° 8.5- 17< 
(15loop ) 
Pustular psoriasis 6- 10 8- 9 8- 10 
after treatment 
(4 loops) 
Psoriasis vulgaris 6-9 .6 8- 16 ? .2- 1'1' 
(25 loops) 
Psoriasis vulgaris 6-8...1 6- 8.4 7.2- 12 
after t reatment 
(6 loops) 
ormal skin a.5-6 3.5-6 3.5-6 
" One loop of the 15 had an ascending limb of 14-16 ~.tm. 
• One loop of the 15 had a crest of 18-24 1.1 m. 
r ln 2 loops the \ower half of the descending limb in-
creased in width to 20-30 I'm. 
-nnnonnon 
1111. •• ... 
Ftc. 2. Patterns of ultrastructure in psoriatic loops. 
Horizontal line divides the intrapapillary from the extra-
papillary portion of the loop. Stipples = arterial capil-
lary. Slashes = transitional zone vessel. Stripes ~ venous 
capillary. NL = pattern in normal skin . 
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segments, i.e., the basement membrane has both 
homogeneous and mul t ilaminated features. Vessels 
with these transitional zone features developed 
completely venous characteristics at the beginning 
of the crest (4a), or at the end of the crest (4b). In 
some loops the transitional zone features were con-
fined to the crest alone. The ascending limb was 
arterial and the descending limb was venous in 
character (4c). Table I1 shows the percentages of 
the various patterns found in both forms of psoria-
sis. 
A cluster of 4 to 6 adjacent papillae was studied 
in each patient and the patterns within each 
cluster were essentially uniform. It was not possi-
ble t o correlate the pattern of the loops with the 
morphology of the skin lesion or the activity of the 
disease. 
Ultrastructure of Capillary Loops 
Bridged fenestrations were abundantly present 
in the crest of the loop when venous (multilayered) 
or transitional zone (homogeneous and multilay-
ered) characteristics were present (Figs. 3, 4). 
Bridged fenestrations were also seen in the ascend-
ing and descending limbs just before and after 
their connections with the crest. In those instances 
where the venous capillary began in the midas-
cending limb or one-third to one-half the way down 
the descending limb, fenes trations could also be 
found at the beginning of these egments. How-
ever, most of the bridged fenestrations occurred in 
rhe crests of the loops. 
Although there are ultrastructural differences 
between transitional zone vessels and venous capil-
laries, they are probably equivalent from the 
s tandpoint of physiologic function. These were the 
only two types of vessels in which bridged fenestra-
tion were found. The venous capillary segment 
probably begins with the transitional zone. Pat-
terns I and 2 would be functionally equivalent to 
4a, 4b , and 4c (Fig. 2). These different morphologic 
patterns are objective markers which one can use 
to study the response of psoriatic loops to different 
stimuli. 
The basement membrane material of the venous 
capillaries in the ascending and descending limbs 
was usually multilaminated. In the dilated crest 
the basement membrane was sometimes repre-
sented by a single lamina 35 to 50 nm thick in 
addition t o the more characteristic multilamina-
tions. In papillae with considerable edema the 
vessels stood out clearly because the collagen 
bundles were separated by the fluid from the 
vascular wall. When the edema was marked, the 
basement membrane material had a finely granu-
lar appearance, but it was still easy to distinguish 
between a homogeneous and multilayered appear-
ance. 
Migration of Neutrophil-s 
The capillary loops were considerably dilated 
(Tab. 1). In some papillae the lower half of the 
intrapapillary descending limb was 20 to 30 ,urn 
wide. The descending limb connected with a post-
capiJlary venule in the horizontal plexus. 
Extravasated erythrocytes, mononuclear cells, 
and neutrophils were frequently present in the 
papillae. The neutrophils emigrated from the 
venous capillary in its descending limb (Fig. 5). 
They never emigrated from the ascending limb 
or crest portion even when the venous capillary be-
gan in the ascending limb. The neutrophils moved 
through endothelial cell gaps which they them-
selves created and migrated into the epidermis to 
form either spongiform pustules of Kogoj or 
Munro's microabscesses. 
Biopsies Obtained Before and After Goeckerman 
Therapy 
The individual plaques that were biopsied 
before and 3 weeks after Goeckerman were flat, 
nonscaly. and minimally erythematous at the time 
of the second biopsy. On examination by electron 
microscopy. the papillae were not edematous, the 
collagen bundles were closely applied to the vascu-
lar walls as in normal papillae, and, most signifi-
t antly, the capillary loops were entirely arterial in 
character with homogeneous-appearing basement 
membrane mat erial (Fig. 6). Bridged fenestrations 
were not present. However the vessels were st ill 
abnormally dilated but less than in the pretreat-
ment phase (Tab. 1). 
S erial Biopsies During Goeckerman Therapy 
In the 2 patients with psoriasis vulgaris whose 
plaques were serially biopsied, one showed pattern 
4c (6 loops reconstructed) which had reverted t o a 
normal pattern at 48 and 72 hr (Sloops) . The other 
patient showed pattern I (6 loops) which changed 
to pattern 3a at 72 and 96 hr (3 loops). The 
multilayered basement membrane of the upper 
ascending limb and crest had become homogene-
ous in appearance . Unfortunately we did not have 
biopsy material later than 96 hr. In both instances, 
TABLE ll. Distribution of loop patterns 
Pustular psoriasis 
P soriasis vulgaris 





























FIG. 3. Crest of loop in pustular psoriasis . E = epidermis. N = neutrophil. M = mast cell. P = pericyte . Outlined 
areas a and b enlarged below (Figs. 3a and 3b) to show bridged fenestrations and basal lamina. Arrow indicates 
direction of flow. Bar = 10 ~m. Figures 3a and 3b: Portion of venous capillary wall in crest. Arrowheads indicate 
bridged fenestrations. Arrows point to single and multilayered basement membrane. Bar = 0.5 ~m. 
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FIG. 4. Portion of crest from loop of psoriasis vulgaris demonstrating transitional zone features. Arrows point to 
single and multilayered basement membrane. White arrowheads indicate homogeneous basement membrane 
material. Black arrowhead shows 2 fenestrations. Bar = 5 .urn. 
FIG. 5. Portion of intrapapillary descending limb. Neutrophils (N) emigrating from venous capillary. E 
endothelial cell. Arrowheads point to multilayered basement membrane. Bar = 5 .urn. 
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FIG. 6. Capillary loop from same psoriat ic plaque shown in Fig. 3 which was successfuUy treated with Goeckerman 
regimen. A rrows indicate direction of flow. E = epidermis. Arrowheads demonstrate homogeneous basement 
membrane material characteristic of arterial capillaries. Bar = 5 llm. 
the plaques showed decreased scaling and a mini-
mal decrease in thickening at the time the capil-
lary loops first demonstrated this reversion 
towards normal. 
Dl CUSSION 
There are abundant data to indicate that the 
psoriagenic stimulus may come from the dermis. 
On the basis of light microscopy and in vivo 
capillary microscopy the vascular system is 
believed to play a significant role in the initiating 
event as well as in the clearing of psoriatic lesions 
[3- 10 ]. Dilatation and convolutional abnormalities 
of the capillary loops have been used as the markers 
of the vascular abnormalities in psoriasis. 
Gordon, Johnson, and Burgoon studied a num-
ber of psoriatic patients who were treated with 
topical steroids, intralesional steroids, ultraviolet 
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light and coal tar, and methotrexate [11]. After the 
epidermis had returned to normal they were able to 
demonstrate by light microscopy that vascular 
dilatation was still present. They concluded that 
clinical remissions were of short duration because 
dermal abnormalities had not been completely 
corrected. Each of the t reatment modalities af-
fected the epidermis and vasculature in different 
ways. Treatment with methotrexate caused the 
epidermis to return to normal by inhibition of 
mitoses but it produced insignificant changes in 
the dermal cellular infiltrates and in the diameters 
of the altered vessels. Topical and intralesional 
steroids and coal tar and ultraviolet light restored 
the epidermis to normal and, in addition, reduced 
the width of the dilated dermal vessels by 20 to 
30%. 
Our studies have shown that the capillary loops 
in pustular psoriasis and psorias is vulgaris are 
predominantly venous capillaries which become 
normal-appearing arterial capillary loops at the 
completion of 3 weeks of Goeckerman therapy. In 
preliminary studies, the transition from a venous 
to an arter ial capillary was seen 48 to 72 hr after 
therapy was initiated. Although the loops had the 
morphology of normal arterial capillaries at 3 
weeks, they were still abnormally dilated. Thus, 
vasodilatation is only one aspect of the vascular 
abnormality found in psorias is. 
In a previous paper we proposed that the venous 
capillary with its bridged fenestrations may be a 
morphologic sign of increased epidermal cell prolif-
eration because thus far it has been observed only 
in psoriatic papillae , the hair bulb of human scalp 
hair, and in the capillaries of the connective tissue 
immediately surrounding t he scalp hair follicle 
[2,12 j. The loops in t he dermal papillae of normal 
skin and in 1 case of acute nummular eczema 
that we studied have been arterial capillaries 
without fenestrations 12 J. By studying the ultra-
structural characteristics and sequential changes 
of the capillary loops in t he advancing edges of 
plaques, in the· Koebner phenomenon. and in trials 
with different t herapeutic modalities, one should 
be able to gain a better understanding of the 
significance of the vascular changes in the patho-
genesis of psoriasis. 
We did not find multiple anastamoses in the 
psoriatic cap illary loops [13). The " glomerular," 
" puff ball.,. and "cotton ball" appearance of the 
loops are produced by looking at their tortuous and 
sinuous courses from above. 
The rapid conversion of microcirculatory vessels 
from one type to another appears to be a character-
istic of the normal vascular system of adult mam-
mals as demonstrated by Clark and Clark (14.15]. 
They were able to study defined populations of 
living blood vessels for 1 to 6 months in transparent 
chambers implanted in the ears of rabbits. They 
demonstrated that the microcirculatory vessels 
were extremely labile. New capillaries formed and 
old ones retracted and disappeared. A capillary 
could develop into a vein. At a later date, the vessel 
might change from vein to artery, from artery to 
vein, or from eit her back to a capillary. All of these 
changes in vascular size and form were dependent 
upon alterations in circulation and blood pressure 
and could be completed within 48 to 72 hr. 
We had previously demonstrated another type of 
vascular abnormality in psoriasis [16-18 ]. Endo-
thelial cell gaps were present in t he postcapillary 
venules of t he horizontal papillary plexus and less 
frequently in the venous capillaries of the papillae 
in psoriatic lesions. They were also found, but less 
often , in the normal-appearing skin of patients 
with psoriasis. However, following successful ther-
apy with the Goeckerman regimen the gaps were 
still present. Mottaz et al have confirmed these 
observations [19]. A role for endothelial cell gaps in 
the pathogenesis of psoriasis has not yet been 
found. 
Precise ultrastructural criteria are now available 
for delineating the different segments of the 
microcirculatory bed (1,21. It should be poss ible 
to apply t hem to evolving and resolving psoriatic 
lesions in a variety of experimental designs in order 
to determine whether a dermal (vascular) cause of 
psoriasis exists. 
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